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2 Navier-Stokes 2
, 1 $\alpha$ 1








. 2 . ,
2 1 $\alpha$
1 . $\alpha$ ,
$\frac{\partial q}{\partial t}+J(\psi, q)=D$ , $\hat{q}(k)=-|k|^{\alpha}\hat{\psi}(k)$ (1)
(Pierrehumbert et al. 1994). $\psi(x, y, t)$ , $J(A, B)=\partial_{x}A\partial_{y}B-$
$\partial_{y}A\partial_{x}B$ , $D$ , $k$ 2 , $\hat{q},\hat{\psi}$ $q,$ $\psi$ Fourier
.
(1) $\alpha=2$ 2 Navier-Stokcs . $q$ (
$q=\nabla^{2}\psi)$ . $\alpha=1$ (Held et al. 1995) .
$\alpha=-2$ , (1) Charney-Hasegawa-Mima Rossby
(Iwayama et al. 2002; Smith et al. 2002). Navier-Stokes
$\alpha\neq 2$ $q$ .
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, $\alpha>0$ $\alpha$




(Pierrehumbert et al. 1994; Smith et al. 2002: Watanabe &Iwayama 2004, 2007).
, , (2007)
. , (2007) , (










$Q(y)$ , $\Psi(y)$ .
$q’(x_{\dot{a}}y.t),$ $\psi’(x\dot, y, t)$ ,
$q=Q+q’$ , $\psi=\Psi+\psi’$ (3)
. (3) (1) , , 2
$q_{t}’+\psi_{x}’Q_{y}+q_{x}’U=0$ (4)
. $U(y)=-\Psi_{y}$ $x$ . (4)
$q’=\tilde{q}(y)\exp[ik(x-ct)],$ $\psi’=\tilde{\psi}(y)\exp[ik(x-ct)]$ ,
$(U-c)\tilde{q}+\tilde{\psi}Q_{y}=0$ (5)
. (5) $\alpha$ Rayleigh . $c$
. $c$
, ${\rm Im}\{c\}>0$ .
.
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(a) $Q(y)$ (b) (6) $U(y)$
1: . $0\leq y\leq 2\pi,$ $y_{0}=\pi$ .
22
$Q(y)=(2y-2y_{0})\exp[-2\pi(y-y_{0})^{2}]$ (6)
$($ $1(a))$ . $y_{0}$ $y$ .
(6) . $\alpha$ (6)
$($ $1(b))$ . 1(b) , $\alpha$




$\alpha=1,2_{\dot{1}}3$ , (5), (6) 2 , $c$
. $y$ $0\leq y\leq 10\pi(y_{0}=5\pi)$ .
$\alpha=1,2,3$ . ,
.














2: $\alpha=1,2,3$ , $k$ .
1: $\alpha$ , .
1 . $\alpha$
, .





Bashforth . $0\leq x,$ $y\leq 2\pi$ , 2
. $\alpha=1,2$ $512^{2}$ ( 170), $\alpha=3$ 25$6^{}$ (
85) . $D=\nu\nabla^{2}q$ , $\alpha=1$
$\nu=1.5\cross 10^{-5},$ $\alpha=2,3$ $\nu=0.5\cross 10^{-5}$ .
.
$q’(x, y, 0)=10^{-5}\exp[-10(y-\pi)^{2}]xR(x)$ . (8)
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$t=0$
CONTOUR $|$ NTERVAL $=$ 1. OOOE-O I CONTOUR $|$ NT ERVAL $=$ 1. OOOE-O I
$CONTO\cup R$ NTERVAL $=$ 1. $000E-01$ CONTOUR $|NTER\vee AL$ $=$ 1. 000 $E-01$
3: $q$ . , . ( ) $\alpha=1,2,3,$ $t=0$ . ( ) $\alpha=1$ ,
$t=120$ . ( ) $\alpha=2,$ $t=250$ . ( ) $\alpha=3,$ $t=420$ .
193
$R(x)$ . ,
$q(x, y, 0)=(2y-2\pi)\exp[-2\pi(y-\pi)^{2}]+10^{-5}\exp[-10(y-\pi)^{2}]\cross R(x)$ (9)
( 3 ).
32
$q$ . 3 $q$ ( ,
$)$ . 3 $\alpha=1$ 3 , $\alpha=2$ 2





$Z_{k}= \frac{1}{2\pi}/0^{2\pi}|\hat{q}_{k}(y,t)|^{2}dy$ , $k\in \mathbb{N}$ , (10)
$\hat{q}_{k}(y, t)=\frac{1}{2\pi}/o^{2\pi}q(x, y, t)\exp(-ikx)dx$ . (11)
4 $Z_{k}(k=1\sim 4)$ . 4
(linear ). $\alpha=1$ $t=50\sim 170$ 3
. 3 $t=100$
. $\alpha=2$ $t=0\sim 300$
2 $t=0\sim 200$
. $\alpha=3$











$($ , Caims 1979)
. $\alpha$ $q’=q_{A}\exp[i(kx+ly-\omega t)],$ $\psi’=\psi_{A}\exp[i(kx+ly-\omega t)]$






4: $Z_{k}(k=1\sim 4)$ . $k=1$ , $k=2$ , $k=3$ ,















$U(y)- \frac{Q_{y}(y)}{(k^{2}+l^{2})^{\alpha/2}}=U(y_{0})-\frac{Q_{y}(y_{0})}{(k^{2}+l^{2})^{\alpha/2}}$ . (13)
$(k^{2}+l^{2})^{1/2}$ 5 . 5 , $\alpha$ ,
. ,
$x$ $k$ , $\alpha$





$Y_{l}= \frac{1}{2\pi}\int_{0}^{2\pi}|\hat{q}_{l}’(x, t)|^{2}dx$ , $l\in \mathbb{N}$ , (14)
$\hat{q}_{l}’(x, t)=\frac{1}{2\pi}l_{0}^{2\pi}\{q(x, y, t)-Q(y)\}\exp(-ily)dy$ . (15)
5 (4) . (4) $|q-Q|\ll|Q|$
. .
$N(t) \equiv\max\{|q-Q|\}/\max\{|Q|\}_{\sim}<0.1$ (4) .
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$t$
6: $N= \max\{|q-Q|\}/\max\{|Q|\}$ .
6 $N(t)$ . 6 $N(t)\leq 0.1$
$\alpha=1$ $t<80\sim’\alpha=2$ $t<\sim 160,$ $\alpha=3$ $t<280\sim$
. $N(t)\sim<0.1$ $Y_{l}$ . 7
$Y_{l}$ . $\alpha=1,2,3$ $l=5,6,7$
. , $|Y_{l}|\ll|Y_{6}|(8\leq l)$ . ,
$\alpha$ , $y$ $l$
$\alpha$ . , $y$
,
, $y$ $\alpha$ .
5 , $\alpha$ $x$ $k$
.
, $\alpha$
$x$ , $\alpha$ (
) $x$ .
5

















. , (2007) , $\alpha$
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